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Background.  Candida auris is an emerging multidrug-resistant yeast that contaminates healthcare environments causing 
healthcare-associated outbreaks. The mechanisms facilitating contamination are not established.

Methods.  C. auris was quantified in residents’ bilateral axillary/inguinal composite skin swabs and environmental samples during 
a point-prevalence survey at a ventilator-capable skilled-nursing facility (vSNF A) with documented high colonization prevalence. 
Environmental samples were collected from all doorknobs, windowsills and handrails of each bed in 12 rooms. C. auris concentrations 
were measured using culture and C. auris-specific quantitative polymerase chain reaction (qPCR) The relationship between C. auris con-
centrations in residents’ swabs and associated environmental samples were evaluated using Kendall’s tau-b (τ b) correlation coefficient.

Results.  C. auris was detected in 70/100 tested environmental samples and 31/57 tested resident skin swabs. The mean C. auris 
concentration in skin swabs was 1.22 × 105 cells/mL by culture and 1.08 × 106 cells/mL by qPCR. C. auris was detected on all hand-
rails of beds occupied by colonized residents, as well as 10/24 doorknobs and 9/12 windowsills. A positive correlation was identified 
between the concentrations of C. auris in skin swabs and associated handrail samples based on culture (τ b = 0.54, P = .0004) and 
qPCR (τ b = 0.66, P = 3.83e−6). Two uncolonized residents resided in beds contaminated with C. auris.

Conclusions.  Colonized residents can have high C. auris burdens on their skin, which was positively related with contamination 
of their surrounding healthcare environment. These findings underscore the importance of hand hygiene, transmission-based pre-
cautions, and particularly environmental disinfection in preventing spread in healthcare facilities.
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Candida auris is an emerging pathogenic yeast of increasing 
global concern [1, 2]. Like other pathogenic Candida, C. auris 
can cause life-threatening invasive infections with high mortality 
rates [3, 4]. C. auris can colonize the skin, which increases risk for 
developing a blood stream infection [5]. Treatment options are 
limited due to drug-resistance, as many isolates are resistant to at 
least 1 but often 2 and sometimes all 3 classes of antifungals [6]. 
The public-health impact of C. auris is further amplified by its 
ability to cause persistent outbreaks in healthcare settings, which 
is uncharacteristic of other pathogenic yeasts [4, 7–12]. In the 

United States, C. auris has been problematic in long-term acute-
care hospitals (LTACHs) and ventilator-capable skilled nursing 
facilities (vSNFs), which provide high-acuity care for medi-
cally complicated and vulnerable populations over extended 
periods [4]. C. auris has spread among vSNFs and LTACHs in 
the same patient-sharing networks, facilitating the expansion 
of C. auris within and across geographical regions [4, 13, 14]. 
C. auris continues to spread on a global scale and cases have now 
been documented in over 30 countries [15]. Whole-genome 
sequence-based strain typing has found all isolates characterized 
to date fit within just 5 highly clonal lineages, highlighting the 
central role transmission has played in the public health impact 
of this novel pathogen [11, 15, 16].

Transmission is driven in part by contamination of the 
healthcare environment and medical equipment, where C. auris 
can remain viable for weeks [17]. Disinfecting these surfaces is 
difficult due to the extensive nature of contamination and prac-
tical challenges inherent to the vSNF and LTACH settings such 
as frequency of multi-occupancy rooms. There is a need to fur-
ther develop environmental control strategies for this emergent 
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pathogen. The shedding of viable C. auris cells from colonized 
patients has been suggested to facilitate environmental contam-
ination, although data directly demonstrating this association 
is not available [17–19]. Improving our understanding of how 
environmental contamination occurs can help inform infection 
control strategies. Here we assess the relationship between the 
C.  auris colonization burden on resident’s skin and environ-
mental contamination at a vSNF with high C. auris prevalence.

METHODS

Settings

Samples were collected in a 70-bed ventilator-capable unit of a 
300-bed SNF (vSNF A) in Chicago, Illinois, USA, in October 
2018. The first C.  auris colonization case at this facility was 
identified in March 2017 during a point-prevalence survey 
(PPS) that was performed using culture. Six subsequent PPSs 
occurring during March 2017– September 2018 were also per-
formed using culture and documented a rise in C. auris coloni-
zation prevalence on the ventilator-capable floor, reaching 71% 
[13]. At the time of sampling, this facility was a participant in 
a heightened infection prevention and control (IPC) program 
designed to control the spread of multidrug-resistant organ-
isms (MDROs) through a bundle of interventions that included 
cohorting residents colonized by the same MDRO, increased 
alcohol-based hand rub availability, dedicating a full time en-
vironmental service staff member to disinfecting the vSNF unit 
with a sporicidal agent, and daily bathing of residents with 2% 
chlorhexidine gluconate (CHG) wipes [13]. At the time of this 
study, the C. auris colonization status of many residents was al-
ready determined from the previous PPS. These previous results 
were taken into consideration when describing the distribution 
of C. auris in the facility.

Sample Collection

Screening of residents for C. auris was performed as part of the 
ongoing surveillance and IPC efforts by Chicago Department 
of Public Health. Bilateral axillary/inguinal composite skin 
swabs were collected from residents on vSNF A using a single 
BD Eswab in 1  mL of liquid AMIES Medium (#220245, BD 
Diagnostics). Residents were screened regardless of whether 
they had previously been positive for C. auris. Residual mate-
rial from these samples was used to quantify C. auris coloniza-
tion burdens as approved by Centers for Disease Control and 
Prevention’s (CDC’s) human subjects internal review board.

On the same day, environmental samples were collected 
from 12 rooms from the following surfaces: the window-
sills, the inside and outward facing doorknobs, and the left 
and right handrails of each bed. Prior colonization data 
were referenced when rooms were selected such that at 
least 1 room without a known C.  auris colonized resident 
was included. Samples were collected from defined surface 

areas using 3MTM Cellulose Sponge-Sticks with neutral-
izing buffer (3M Healthcare, St. Paul, MN). The quantity of 
C. auris recovered was normalized by dividing the number 
of cells detected by the surface area sampled and expressed 
as cells/100  cm2. The time when the surfaces were last 
cleaned and disinfected was unknown. Both resident and en-
vironmental samples were stored at 4°C and tested within  
72 hours after collection as described below.

Sample Processing

All patient samples were processed with the Taqman quan-
titative polymerase chain reaction (qPCR) [20], a most prob-
able number (MPN) culture method, and an enrichment broth 
culture method, providing quantitative culture-independent 
results, quantitative culture-dependent results, as well as a qual-
itative gold-standard culture result, respectively [17, 21, 22]. 
Environmental samples were preprocessed by homogenizing 
with a Stomacher® 400 Circulator (Seward, West Sussex, UK), 
before testing with the Taqman qPCR, enrichment broth and 
direct dilution plating. The percent recovery (%R) of environ-
mental sampling was determined based on controlled labora-
tory experiments with pre-inoculated coupons and is further 
described in the Supplementary Material-methods. Detailed 
descriptions of sample processing methods are also described 
in the Supplementary Material.

Statistics and Data Analysis

The relationship between C.  auris concentrations in resident 
skin swabs and associated handrail samples was evaluated 
using Kendall’s tau-b (τ b) coefficient of rank correlation and 
the corresponding nonparametric rank test. It is an alternative 
to the Spearman rank-order correlation coefficient and is re-
commended in situations with small sample size and many tied 
ranks [23]. Data analysis and figures were generated using R 
4.0.2 and Python 3.7 software.

RESULTS

C. auris Burden on Residents’ Skin

Fifty-seven (82.6%) of 69 residents on the ventilator-capable 
floor of vSNF A  were screened for C.  auris skin colonization. 
Eight refused screening, and 4 were not present at the time of 
sampling. Twenty (35.1%) of the screened residents were found 
to be C. auris positive by both culture and qPCR; 11 residents 
were identified as positive by qPCR but not culture. Thus, a total 
of 31 (54.4%) residents were positive at the time of sampling. All 
culture-positive residents were also positive by qPCR. Of the  
11 qPCR-positive but culture-negative residents, 9 were known 
to be C. auris culture-positive from prior PPS. One resident had 
been sampled 7 times since March 2017 and had been consist-
ently negative by culture. The remaining single culture-negative 
but qPCR-positive resident had no prior C.  auris screening 
history.

https://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab327#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab327#supplementary-data
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Fourteen of the 30 occupied rooms on the floor (46.6%) 
housed at least 1 resident that was culture-positive, and an addi-
tional 4 rooms had at least 1 qPCR-positive resident (18 rooms, 
60.0% total; Figure 1).

The mean concentration of C. auris in culture-positive skin 
swabs was 1.2 × 105 MPN/mL (range 7.1–1.0 × 106), while the 
mean concentration interpolated from qPCR Cq values was 
1.1 × 106 cells/mL (range 410–9.7 × 106).

Environmental Contamination of C. auris

A total of 100 environmental samples were collected from 
the windowsills, doorknobs, and handrails of the resi-
dent beds in 12 rooms. Fifty environmental samples were 
culture-positive, and 70 were qPCR-positive. All culture-
positive samples were qPCR-positive except for the outward 
facing doorknob in room A18, which was culture-positive 
but qPCR-negative. The mean concentration of C.  auris 
in culture-positive environmental samples was 92 colony-
forming units (CFU)/100  cm2 (range 2.4–970), and the 
mean concentration interpolated from qPCR was 4.0 × 104 
cells/100 cm2 (range 460–4.50 × 105; Table 1).

Sampling Efficiency and Recovery of C.  auris Recovery From Plastic 
Surfaces

The percent of C.  auris AR 0385 cells recovered from spiked 
textured plastic surfaces with the sponge sampling method 

ranged from 1.4 % to 3.7%, with the mean recovery found to 
be 2.3% (SD 0.008). Overgrowth of other organisms was not 
observed on any plates.

Skin Colonization Status of Residents in Rooms With Associated 
Environmental Sampling

Environmental sampling was conducted in 12 rooms that 
housed 28 residents: 12 residents were positive by both 
culture and qPCR, 5 were culture-negative but positive 
by qPCR, and the remaining 11 were negative. Overall, 
17 C.  auris-positive residents were housed in 8 of the 12 
sampled rooms. The remaining 4 rooms were occupied by 
C. auris negative residents, and 1 resident in room A07 who 
was not tested (Figure 1). Environmental contamination 
with C. auris was detected in all 8 rooms with C. auris pos-
itive residents, as well as in 2 of the 4 rooms occupied by 
C. auris negative residents (Figure 1).

All 12 C. auris culture-positive residents with associated en-
vironmental samples had at least one culture-positive handrail; 
10 of these (83.3%) were culture-positive for both handrails. All 
handrails of culture-positive residents were also qPCR-positive. 
Similarly, for the 5 beds occupied by residents that were qPCR-
positive but culture-negative, all 10 associated handrails were 
qPCR-positive, 6 of which were also culture-positive. Therefore, 
when culture and qPCR results were considered collectively, 
C.  auris contamination was detected on both handrails of all 
beds associated with all 17 C. auris positive residents (Figure 1).

Figure 1.  Facility map with culture-based and qPCR results for residents and associated environmental surfaces. The specific organization of beds within a room may differ 
from the image.
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Relationship Between Skin Colonization Burden and Environment 
Contamination

The concentrations of C. auris in residents’ skin swabs were posi-
tively related to the averaged concentration recovered from the left 
and right handrails of their beds (Figure 2). This relationship was 
observed when using data from both culture-dependent (τ b = 0.536, 
P = .0004) as well as qPCR (τ b = 0.657, P = 3.832e−6) approaches. 
Similarly, a positive association was found when the left and right 
handrails were evaluated individually as well as collectively as inde-
pendent samples (P < .0001, Supplementary Figure 1). Even though 
the range of C. auris concentrations observed on all handrails ranged 
over several orders of magnitude, left-right handrail pairs from the 
same bed were generally similar in concentration (Figure 3).

Detection of C.  auris in the Environment of Residents Who Screened 
Negative for C. auris

In addition to the 17 C. auris positive beds that were occupied by 
C. auris colonized residents, we found 3 beds, where both hand-
rails were culture-positive despite being occupied by residents who 

screened negative for C. auris (Figure 1, Room A00 Bed B, Room 
A02 Bed B, and Room A21 Bed C). Review of facility records in-
dicated the occupant of Bed C in Room A21 had previously been 
reported colonized. In contrast, the occupants of Bed B in Room 
A00 and Bed B in Room A02 had both been sampled numerous 
times and have no prior record of C. auris colonization. The facility 
records indicate that both residents were recently relocated into 
these rooms, which were previously occupied by C. auris colonized 
residents as recently as early 1 month prior for Bed B in room A00 
and 2 months prior for Bed B in Room A02.

DISCUSSION

Controlling C.  auris in the healthcare environment is chal-
lenging because the mechanisms facilitating transmission 
are not well understood. Previous investigations have estab-
lished that extensive contamination of the healthcare setting is 
common during C. auris outbreaks, but it has not been demon-
strated how this contamination occurs [4, 7, 10, 24]. Here we 

Figure 2.  Environmental contamination of the bed handrails (Y-axis) shown in relationship to the occupying resident’s skin colonization burden (X-axis) with culture-based 
(panel A) and qPCR-based (panel B) methods. Gray points indicate the average of both the left and right handrails associated with a given resident. Linear regression shown 
for visual aid. Relationship between environmental contamination on handrails and resident colonization burden assessed with non-parametric Kendall’s tau-B.

Table 1.  Results From Environmental Sampling Organized by Sample Type

Taqman Results Culture Resultsa

 Positive/Total Interpolated cells/100 cm2 Positive /Total CFU/100 cm2

Sample Type  Mean Min Max Broth Plates Mean Min Max

Window 9/12 8.2 × 103 660 3.2 × 104 6/12 6/12 80 4.7 410

Indoor knob 7/12 4.6 × 103 460 1.5 × 105 3/12 2/12 2.9 2.4 3.4

Outdoor knob 3/12 1.2 × 103 840 1.8 × 103 3/12 1/12 350 - -

Left handrail 26/32 5.1 × 104 570 3.7 × 105 18/32 17/32 58 2.7 270

Right handrail 25/32 5.4 × 104 590 4.5 × 105 20/32 18/32 120 3.3 970

Total 70/100 4.0 × 104 460 4.5 × 105 50/100 44/100 92 2.4 970

Abbreviation: CFU, colony-forming unit.
aEach sample was cultured using both the qualitative enrichment broth method as well as quantitative dilution plating. The summary statistics provided by culture reflect results from the 
quantitative dilution plating.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab327#supplementary-data
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find that colonized residents can harbor high concentrations 
of C. auris cells on their skin, often hundreds of thousands and 
even millions of cells per sample. Importantly, we found resi-
dents with more C. auris on their skin also had more C. auris on 
their bed, thus establishing a positive correlation between skin 
colonization and environmental contamination for this path-
ogen (Figure 2). Formally relating these 2 variables improves 
our understanding of how C. auris spreads and helps support 
evidence-based IPC guidance. Similar observations relating 
colonization burden and environmental contamination have 
also been made with bacterial pathogens problematic in the 
healthcare environment [25–28].

Our findings have important implications for C. auris con-
trol strategies. Because colonized residents likely continually 
contaminate the environment through shedding, diligent and 
frequent disinfection is necessary for the duration of care [2, 
29]. We found C.  auris colonization burdens ranged by 4–5 
orders of magnitude (Table 1). The reasons why some people 
have a higher colonization burden compared to others is not 
currently known but may include factors such as the frequency 
of CHG and standard bathing or duration of stay at the fa-
cility. Colonization burden may also be related to underlying-
conditions and host factors, such as genetics or host microbial 
community. Previous epidemiological studies have shown that 
exposure to broad-spectrum antibiotics and recent hospitaliza-
tion are risk factors for C. auris colonization [30].

Given the relationship observed between C. auris coloniza-
tion burden and environmental contamination, suppressing 
colonization may help reduce transmission. Daily CHG bathing 
has been used with some success to control the spread of bacte-
rial pathogens such as Vancomycin-resistant Enterococcus [31, 
32]. Additional data are needed to better understand the impact 
of CHG bathing on C. auris. More broadly, it is important to 

note C. auris colonization is not fully understood; recent data 
have highlighted C.  auris colonization in the anterior nares 
and other body sites. Colonization at these sites should be con-
sidered when developing strategies to reduce or suppress colo-
nization [33, 34].

C.  auris was detected on both handrails of all beds occu-
pied by C. auris colonized residents (Figure 1). Moreover, both 
left and right handrails of a bed were contaminated with sim-
ilar concentrations of C.  auris, suggesting shedding from the 
occupant as a common source of contamination (Figure 3). 
Contaminated beds may facilitate transmission if not disinfected 
effectively between occupants. We identified 2 instances where 
residents without C.  auris colonization history were found in 
beds contaminated with viable C. auris. There might be several 
explanations for this observation. First, facility records indicate 
both residents were recently moved into the new rooms and 
therefore, might have been placed into beds that were not prop-
erly decontaminated after previous residents. Unfortunately, no 
data were available whether these residents were relocated with 
their old bed, which we were told was a common practice in the 
facility, or placed into a bed already located in the new room. 
Second, it is possible these residents were colonized by C. auris 
at other body sites and missed by our colonization screening 
[29, 30]. Third, in at least 1 case, both a negative and a positive 
resident were housed in the same room, raising the possibility 
that cross-contamination occurred. Overall, our data indicate 
that facilities should ensure beds are regularly and effectively 
decontaminated.

Our environmental data likely underestimate the full ex-
tent of environmental contamination. When investigating the 
efficiency of the sampling method for C.  auris, we found the 
mean recovery was only 2.3% (SD 0. 8) of the total cells present, 
when working with an artificially spiked textured plastic surface 

Figure 3.  Concentrations of C. auris on the left and right handrails of each resident’s bed. Culture results are shown in the left panel and qPCR results are shown the right 
panel. Left and Right sides of the bed indicated with an “L” and “R”, respectively. Samples are organized along the Y-axis based on ascending mean of left and right sides 
shown with black horizontal bar.
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similar to handrails. This indicates the actual extent of environ-
mental contamination could be up to 100x higher than de-
tected by culture. More colonized residents and environmental 
samples were detected with qPCR than with culture, which 
was not surprising because qPCR can detect both viable and 
nonviable cells. In addition, it was previously shown viable but 
nonculturable C. auris cells can persist in the environment [17]. 
The recovery rate of C. auris was lower than that of other organ-
isms using this same sampling and processing method. Bacterial 
sampling and recovery was found to range from 7.7% (SD 5.2%) 
for carbapenemase-producing KPC+ Klebsiella pneumoniae to 
58.9% (SD 12.7%) for Clostridioides difficile spores [35].

C.  auris was also detected on doorknobs and windowsills, 
demonstrating the ability of C. auris to be spread more broadly 
within the room [4, 7, 10]. This emphasizes the importance of 
adherence to current IPC guidelines for C. auris. Although we 
were unable to verify IPC compliance at the time of this work, 
these practices were assessed at this facility several months 
prior to our work [13]. An environmental cleaning assess-
ment found 61% fluorescent marker removal in 7 rooms tested. 
External auditors observed 75% staff compliance with hand hy-
giene upon room exit and 48% staff compliance upon on room 
entrance. Glove and gown use compliance was 73% for patients 
on contact precautions. Our work highlights the value of envi-
ronmental cleaning and the adherence to these guidelines [36]. 
Because many products are infective against C. auris, daily and 
terminal disinfection should be performed using products with 
EPA-registered C.  auris label claims [19, 37, 38]. Additional 
work is needed to understand disinfection efficacy of UV light, 
hydrogen peroxide fogging, and other “no-touch” methods for 
reducing transmission.

Our work has several limitations. First, our analysis of the 
relationship between colonization burden on the skin and en-
vironmental contamination establishes correlation but not 
causation. Second, this work was performed at a single facility 
with a high colonization prevalence. Given the clonal nature of 
C. auris outbreaks, it is likely that the isolates recovered in this 
study are highly related and do not represent the genetic di-
versity known within the species. Although the environmental 
isolates from this study were not sequenced, whole genome 
sequencing of clinical isolates from patients from this and other 
healthcare facilities in Chicago demonstrated that the isolates 
belonged to clade IV and were highly clonal [16]. Third, these 
data represent a single point in time and do not address how 
colonization burden or environmental contamination change 
over time. Furthermore, 17% of residents were not sampled, 
and their contribution to environmental contamination at the 
facility was not known. We also lacked information to verify 
routines for cleaning, CHG bathing, and other facility practices.

In summary, we found that colonized individuals can harbor 
high concentrations of C. auris on their skin. C. auris concen-
trations on residents’ beds were positively related to the amount 

on their skin, emphasizing the importance of source control 
methods as well as diligent environmental cleaning needed to 
reduce the transmission of C. auris. Further work to improve 
our understanding of colonization, mechanisms of transmis-
sion, and modes of environmental contamination will help im-
prove our ability to control this pathogen.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding author.
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